The extremely low detection limits required for bioanalysis are usually achieved with some chemical or physical amplification mechanism. This lecture will present the use and synthesis of chemically modified nanotubes/nanopores as ion-channel mimetic sensing platforms for label-free detection of proteins 1 and nucleic acids Electrodes with three-dimensionally ordered macroporous (3DOM) carbon as the intermediate layer between an ionophore-doped solvent polymeric membrane and a metal contact are presented as a novel approach to solid-contact ion-selective electrodes (SC-ISEs). Due to the well-interconnected pore and wall structure of 3DOM carbon, filling of the 3DOM pores with an electrolyte solution results in a nanostructured material that exhibits high ionic and electric conductivity. The long-term drift of freshly prepared SC-ISEs with 3DOM carbon contacts is only 11.7 µV/h, and does not increase when in contact with solution for one month, making this the most stable SC-ISE reported so far. The electrodes show good resistance to the interference from oxygen. Moreover, in contrast to previously reported SC-ISEs with conducting polymers as the intermediate layer, 3DOM carbon is an electron conductor rather than a semiconductor, eliminating any light interference.
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Ion-selective electrodes with three-dimensionally ordered macroporous (3DOM) carbon as solid contact
Besides reporting on this new type of solid contacts, this presentation will also discuss some the challenges and ambiguities that arise in the quantification of long-term drifts. It will also address the heretic question whether a good reference electrode really requires the presence of a redox couple at the conductor interface. In the first part of this talk, recent results in the field of potentiometric sensors will be reviewed.
Climbing the gate
Ernö Pretsch
They involve spectacular improvements in their performance, both in terms of lower detection limit and selectivity behavior. Low detection limits achieved in small analyte samples allow for the detection of subfemtomole amounts of ions. This progress is, among others, relevant for potentiometric immunoassays based on nanoparticle labels including quantum dots.
Various approaches in non-steady-state methods open up a variety of novel applications. This brings potentiometry closer to traditional electrochemistry and, besides potentiometric bioanalysis, currently is the most exciting field.
Much of the novel developments would have been possible decades ago. However, they only emerged along with a change of view in potentiometry with ion-selective electrodes. This will be illustrated in the second part of the talk, which focuses on some historical developments. Over recent years, the use of microelectrode arrays (MEAs) has steadily expanded in many (bio)electroanalytical areas, including applications in environmental and biomedical analysis, life science R&D, chemical and bioprocess control.
To illustrate the advances in this field, three examples of our current research will be presented. Voltammetric microsensors and submersible probes for reliable efficient environmental trace metal analysis and speciation. The contamination of ecosystems (water, sediment, soil) by anthropogenic and natural inputs of metals has lead to the need for understanding better their fate and toxicity in the environment. To a large extent, these two parameters are related to the chemical speciation of these contaminants, which may vary continuously in space and time. Detailed measurements of the proportion of specific metal species or groups of homologous metal species, and their variation as a function of the bio-physicochemical conditions of the natural media, is thus of prime importance. To make such studies, new analytical tools capable of performing in situ, real-time monitoring with minimum perturbation of the media are required.
Marylou Tercier-Waeber
The characteristics of voltammetric techniques make them particularly well suited for such measurements provided new specific technical, analytical and conceptual developments are done. The unique properties of nanoscale material (nanoparticles, nanowires and nanotubes) offer excellent prospects for the monitoring and controlling biomolecular interactions. This presentation will describe new multi-amplification/multi-tag particle-based bioelectronic assays based on a variety of new biomaterial-nanoparticle assemblies. We will also describe novel nanowire-based strategies for controlling bioelectrocatalytic reactions (Figure 1 ).
Nanomaterials for monitoring and controlling biomolecular interactions
In particular, combining the catalytic enlargement of the metal-particle tags with the effective 'built- glycans targets, will be described. The use of aptamers for nanoparticle-based detection of multiple proteins will also be discussed. Finally, new adaptive nanowires capable of providing a semi-analog control of bioelectrochemical processes will be illustrated. Such nanowire-based mediated activation of bioelectrocatalytic reactions offers great promise for regulating the operation of biofuel cells, bioreactors, and biosensing devices in response to specific needs. The application of contactless conductivity detection in capillary electrophoresis, on-chipelectrophoresis and chromatographic separations has been further developed. The method generally allows the facile detection of all charged species with good sensitivity.
Contactless conductivity detection for microseparation techniques
The separation and detection of the underivatized enantiomers of small non-UV-absorbing amines of interest in asymmetric synthesis has been demonstrated as has been the determination of the antibiotic tobramycin in serum. The latter application should prove useful in therapeutic drug monitoring. A further possible clinical method is the determination of the electrically neutral species urea after enzymatic conversion to ammonia.
A new portable and all-battery powered CE-instrument has been designed and tested in the Tasmanian wilderness. A further instrumental advance has been made by coupling CE with sequential injection analysis (SIA) for automated injection and capillary flushing. The approach should be useful in process analysis. Highly rapid separations in short conventional capillaries are also feasible with this arrangement.
Fast separations are also achieved in planar devices and the determination of biochemical species such as underivatized amino acids, peptides and proteins is possible on this platform with an external conductivity detector. The analysis of beverage samples for inorganic and organic species is also feasible with such electrophoresis chips.
Contactless conductivity detection was furthermore shown to be suitable for detection in HPLC for the quantification of non-UV-absorbing species. The method is, within limits, compatible with gradient elution and suitable for detection when using micro-scale monolithic columns. The technique of DGT (diffusive gradients in thin-films) measures directly the flux of the analyte to a binding phase after it has passed through a well-defined physically constrained diffusion layer. It is a dynamic sensor, as the flux depends on both the concentration in solution and its rate of supply. A systematically developed theoretical basis for this simple device has facilitating its use for diverse in situ measurements.
In situ analysis of marine environments by amperometric gas microsensors and microscale biosensors
Niels Peter Revsbech
The mass of metal that accumulates in situ is determined by its transport through the diffusion layer. Metal complexes that are sufficiently labile and mobile to dissociate in this layer contribute to the accumulated mass, while slowly dissociating metal complexes make only a marginal contribution. The time available for dissociation depends on the thickness of the diffusion layer.
When in situ measurements were made in a river with high DOC (15 mg L This talk will touch on the key results of the productive collaboration with Erno Pretsch of the past 14 years, perhaps intermixed with some anecdotes and photographs. Early in the cooperative work with Erno, emphasis was directed to the simplification of ion-selective electrode membrane theory by using thermodynamic principles of response. This resulted in some key works that are still highly cited today. Soon afterwards, discrepancies between theoretical expectations and experimental results, especially with measurements at low concentrations and with polyion sensors, gave rise to the field of nonequilibrium potentiometry that is still the dominant direction of research in the field.
Good times with ions and membranes: a friendship and a legacy
